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Abstract 
To overcome the disadvantage of large suction requirements, the suction control for drag reduction is optimized. Computational 
fluid dynamics (CFD), in conjunction with multi-island genetic algorithm (MIGA), is employed to achieve the optimization. An 
E387 airfoil is employed as the physical model. The suction location and mass flux of a slot are set as the design parameters. The 
goal is to minimize both the airfoil drag and suction requirement by identifying the optimal suction location on the upper airfoil 
surface. The effects of different numbers of suction slots were investigated. Results show that the suction control for drag 
reduction could be optimized using MIGA. For a single-suction slot, the reduction in airfoil drag is up to 8.3%, and the mass flux 
of a slot reaches the lower limit of the optimization interval. The increase in suction slot number results in a better drag reduction 
effect, which is accompanied by larger suction requirement and slower convergence. The main reason for airfoil drag reduction is 
the decrease in the pressure drag. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of Chinese Society of Aeronautics and Astronautics (CSAA). 
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Nomenclature 
c  airfoil chord length 
dC   drag coefficient of the airfoil with suction 
lC  lift coefficient of the airfoil with suction 
0dC  drag coefficient of the basic airfoil without suction 
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0lC   lift coefficient of the basic airfoil without suction 
/x c  normalized chordwise location 
ux c  normalized chordwise location of upstream slot 
dx c  normalized chordwise location of downstream slot 
M  mass flux of suction slot 
uM  mass flux of upstream suction slot 
dM  mass flux of downstream suction slot 
sumM  sum of mass flux  
1. Introduction 
As global environmental awareness increases, fuel consumption that causes air pollution is expected to be 
reduced [1]. Specifically, the aviation industry aims to reduce energy consumption to cut operating costs. Reducing 
drag is crucial to reducing the cost of fuel energy.  
Drag-reduction control includes passive and active drag reduction. Although passive drag reduction, which 
includes ribelts and large eddy breakup, is easy to apply, its effects are observed only at the design points. Active 
drag reduction, which can be effective in a more extensive design range, may be an alternative remedy [2].  
Suction is a popular method of active drag-reduction control. Employed to reduce friction drag, suction is also 
called laminar flow control. Suction can delay the occurrence of transition and extend the laminar flow area by 
suppressing the development of boundary layer disturbances [3]. As the turbulence friction drag is greater than 
laminar friction layer, the expansion of laminar flow area means the reduction of friction drag. Furthermore, suction 
is an effective method to cut down pressure drag caused by flow separation. Prandtl[4] was the first researcher to 
control the flow separation through suction. The effect of suction involves the removal of decelerated fluid particles 
from the boundary layer [5].  
Suction control has been studied extensively through experiments and numerical simulation [6-10]. The suction 
location and suction flow rate are critical parameters in determining the effects of suction. However, the suction 
location is generally identified through experience or tests, which cannot be optimal for drag reduction. As a result, 
the drag reduction objective may not be achieved or a large amount of suction requirement is inevitable to reduce 
drag. Thus, suction control must be optimized. 
The goal of the present study is to improve the drag reduction effect of suction and reduce the suction 
requirement by optimizing the suction location and suction flow rate. CFD, in conjunction with MIGA, is employed 
to optimize the suction design. All the work has been conducted with a Reynolds number of 1.17×106 based on the 
airfoil chord at an angle of attack of 4e.  
2. Mathematical Method 
2.1.  Physical model and Computation method 
An E387 airfoil was employed for numerical simulation. The suction slot with a constant width of 61.5 mm was 
located on the upper airfoil surface. The location of the slot is defined by x c , where x is the location of the trailing 
edge of the slot and c is the length of the airfoil chord. Two cases, depending on the number of slots, were studied. 
Two different physical models are shown in 䭉䈟!ᵚ᢮ࡠᕅ⭘ⓀǄ. 
  
Fig.1.Schematic suction model for E387 airfoil(a) single slot; (b) double slot. 
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The numerical simulations were performed with a velocity of 30 m/s flow past a 6 m chord E387 airfoil at an 
angle of attack of 4e. Reynolds number, based on the airfoil chord, is 1.17×106.  
Transition flow simulation is necessary to ensure accuracy of drag prediction. Thus, Transition SST model was 
used in the transition flow computation. Finite volume method was employed in the equation discretization. Central 
difference scheme was used for the diffusion terms, and second upwind scheme was applied in the convection terms. 
The SIMPLE method was employed to solve the equations. The airfoil surfaces satisfied the nonslip boundary 
condition. The suction flow rate of the slot was described by the mass flux, with the flow direction normal to the 
surface. The pressure far field boundary condition was used for all the boundaries far from the airfoil surfaces. The 
distances from the boundaries of the calculation domain to the airfoil surfaces were 20 times more than the chord 
length. The height of the first wall-bounded cell satisfied 1y  . 
2.2. Optimization 
Genetic algorithms are classical stochastic optimization algorithms inspired by evolutionary analogy. Because of 
their robustness and ease of application, genetic algorithms are employed for machine learning, automatic control, 
and so on. 
Instead of traditional genetic algorithm, MIGA was employed for the optimization. In MIGA, the population is 
divided into several subpopulations staying on isolated “islands,” whereas traditional genetic algorithm operations 
are performed on each subpopulation separately. A certain number of individuals between the islands migrate after a 
certain number of generations. Thus, MIGA can prevent the problem of “premature” by maintaining the diversity of 
the population [11]. In addition, the calculation speed of MIGA can be higher than that of traditional genetic 
algorithms [12]. 
2.2.1. Parameters of MIGA 
The critical parameters of Multi-islands Genetic Algorithm are as follows: 
z Number of generations, Ngen  
z Number of islands, Nisland  
z Number of individuals on each island, Nsubpop  
z Interval generations of migration, Nigen  
z Crossover rate, cP  
z Mutation rate, mP  
z Migration rate, Pg 
The genetic algorithm parameters used for the optimizations are shown in Table 1. 
Table 1 Parameters of multi-islands genetic algorithm 
 Single suction slot Double suction slots 
Ngen 45 50 
Nisland 5 5 
Nsubpop 10 10 
Nigen 4 4 
Pc 0.8 0.8 
Pm 0.03 0.03 
Pg 0.4 0.4 
2.2.2.  Encoding and Objective 
Gray binary encoding was employed to encode the design parameters. Two design parameters are needed to 
describe one slot: the suction location x c and the suction requirementM , which represents the mass flux of the slot. 
Thus, x c andM were included in 16-bit gray binary encoding respectively.  
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The optimization objective is to minimize both the drag coefficient and the mass flux of the slot, which is a multi-
objective optimization problem. However, MIGA can deal with only a single objective. Thus, the multi-objective 
optimization is normalized through a weighted method to meet the requirement of multi-islands genetic algorithm.  
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where iw represents the weight factor. The advantage of the weighted method is that the weighted factors can be 
adjusted to address the different importance of a certain objective function. 
For this study, the objective is expressed as follows:  
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Because the prior objective is a drag reduction, 1w and 2w are set as 3 and 1, respectively. The fitness suction is 
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3. Validation of Computation 
Experimental data for the E387 airfoil tested by Selig[12] was employed to validate the computation. The 
validation case had a Reynolds number of 52 10u based on the airfoil chord of 1ft corresponding to a wind-tunnel 
experiment and the turbulence intensity of wind-tunnel was less than 0.1%. Shown in Fig. 2 is the comparison of the 
drag polar for E387 airfoil between the CFD (square) and experimental (circle) result. As the figure illustrates, CFD 
results are in good agreement with the experimental data. Therefore, the numerical method is valid and the 
Transition SST model can predict the airfoil drag correctly. 
 
Fig. 2.Comparison of CFD and experimental results for the drag polar of E387 (Re=2×105) 
4. Results and discussion 
4.1. Single Suction Slot Optimization 
The optimization objective and parameter bounds are described as follows: 
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Where the 0dC  and 0lC represent the drag and lift coefficients of airfoil without suction, respectively.  
In Fig. 3, the change in fitness of the best individual at the current population versus generation is plotted. Within 
the first 15 generations, the fitness increases from 20.13 to 27.48. However, from 15th generation to 45th generation, 
the fitness improves by only 4.8% compared with the fitness increase in the first 15 generations. An assumption is 
that the control parameters do not change significantly after 15th generation, but the data in Fig. 4 reject this 
assumption. 
Figure 4 shows the change in design parameters and airfoil drag coefficient belonging to the best individual at the 
current population with generation. The parameters, including the suction location and airfoil drag coefficient, 
scatter in a wide range until the 25th generation, which suggests the population does not preliminarily converges 
until the 25th generation.  
Furthermore, the variation range of suction location and airfoil drag coefficient are larger than that of the mass 
flux within the first 25 generations., which indicates that the suction location is more sensitive and an important 
parameter to determine the drag reduction effect in single-suction slot optimization.  
 
Fig. 3. Convergence history for single-slot optimization 
  
Fig. 4. Change of best individual at the current population with generation(a) Suction location; (b) Mass flux; (c) Drag coefficient 
The results of the optimization are shown in 䭉䈟!ᵚ᢮ࡠᕅ⭘ⓀǄ. For single-suction slot optimization (case1), 
the optimal drag coefficient of the airfoil with suction is 8.4% lower than that of the basic airfoil while the drag-
reduction objective is 5%. Furthermore, the optimal location of the slot is 52.12%x c  , and the corresponding mass 
flux φ of the slot is 4 21 10 / ( )kg m su . 
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Table 2 Results of optimization 
 Single-slot Double-slot 
dC  0.01196 0.01171 
ux c  52.12% 63.3% 
uM  1×10-4 1.31×10-4 
dx c   75.9% 
dM   3.75×10-4 
sumM  1×10-4 5.06×10-4 
4.2. Double Suction Slots Optimization 
The optimization objective and parameter bounds are described as follows: 
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Where the 0dC and 0lC represent the drag and lift coefficients of the airfoil without suction, respectively.  
The fitness rises rapidly within the first 25 generations and then increases more slowly until the maximum is 
reached at the 35th generation, as shown in Fig. 5. Similarly, the variation range of design parameters is extremely 
large within the first 25 generations, which is illustrated by Fig. 6. Although the variation range decreases after the 
25th generation, the suction location does not converge to the optimum until the 35th generation. Thus, we can 
determine that the population converges after the 35th generation, which is 10 generations later than the single-
suction slot optimization. Therefore, the convergence speed of double-suction slot optimization is much slower than 
that of single-suction slot optimization. 
Furthermore, as shown in Fig. 6, the drag coefficient gradually decreases with the design parameters including 
suction location and suction mass flux. Thus, both suction location and suction requirement are important control 
parameters to determine the drag-reduction effect in double-suction slots optimization. 
The results of the double-suction slot optimization are shown in 䭉䈟!ᵚ᢮ࡠᕅ⭘ⓀǄ. The drag coefficient of 
the airfoil with double slots is 9.8% lower than that of the basic airfoil. Compared with the single slot, the  double 
slot has a drag reduction that is 12.2% higher. However, the corresponding suction requirement of double slots is 
5.06 times larger than that of the single slot. Thus, although the drag-reduction effect could be improved by 
increasing the number of slots, the suction requirement is also larger. 
 
Fig. 5. Convergence history for double slots optimization 
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Fig. 6. Change of best individual at the current population with generation(a) Suction location;(b) Mass flux; (c) Drag coefficient 
5. Conclusion 
Based on the findings, the following conclusions are obtained: 
1. The suction control could be optimized through MIGA. In single-suction slot optimization, the suction location 
is more sensitive and an important parameter for drag reduction. However, both the suction mass flux and suction 
location have effects on the drag reduction in double-suction slot optimization. 
2. The increase in the number of slots results in better drag reduction effects. However, the suction requirement 
increases with the number of slots, and the increase in the number of slots could cause more generations to converge 
for the optimization. 
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